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We predict that robust routing of slow-light pulses is possible between antisymmetrically coupled photoniccrystal waveguides. We demonstrate that for all pulses with the group velocities varying by several orders of magnitude, the complete switching occurs at the fixed coupling length of just several unit cells of the photonic crystal.
Waveguides created in planar photonic crystals offer many unique opportunities for manipulating optical pulses, that cannot be realized in conventional rib waveguides. In particular, the speed of light can be dramatically reduced, and a series of the recent experiments'-5 have demonstrated the propagation of slow light associated with the appearance of flat regions and extrema points in the band-gap dispersion curves. The maximum dynamical tunability of the group velocity of light is possible when the optical frequency is tuned in the vicinity of the photonic band-gap edge. However, in this regime the effect of the frequency dispersion is strongly enhanced, and special approaches are required to perform the pulse routing. For example, the modified design of waveguide bends is required for slow light pulses6.
In this work, we present a novel and general approach to design directional couplers in photonic crystals where dispersionless routing of slow light may be realized. The pulses are fully switched between parallel waveguides at the coupling distance, which value remains constant even as the group velocity is varied by orders of magnitude. The additional advantage of suggested structure is the short coupling length, which is equal to just several unit cells. Such remarkable performance is enabled by the co-existence of forward and backward modes which band-edge dispersion is exactly matched, realizing a fundamentally different physical regime compared to the previously considered7-photonic-crystal couplers. To illustrate our concept, we consider two-dimensional photonic crystals created by a hexagonal array of holes in a Si membrane with a hole radius of O.3d, where d is the lattice constant. The WI waveguide is created when a single row of holes is absent. Due to the hexagonal lattice geometry, the coupler symmetry critically depends on the number of rows (N) between the two WI waveguides. When N is odd, then the coupler is symmetric with respect to reflection about a central line between the waveguides (z --* -z). When N is even, then the coupler becomes anti-symmetric, as it maps onto itself only when reflection is performed simultaneously along the two axes (x --* -x and z --* -z), see example for N = 2 in Fig. 1 (a) .
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when the band-edge is reached at a point with nonzero wavenumber inside the Brillouin zone, i.e. dwldk ks=Sk = 0 at 0 < ko 0 < kb, where kb = 0.5 is the normalized Bloch wavenumber. We show in Fig. l(b) that such situation is indeed realized in the anti-symmetric coupler at w 0.214. We check that the condition (ii) is also satisfied in the anti-symmetric coupler by calculating the mode profiles close to the band-edge, see Fig. 2(a,b) . Whereas the intensity patterns practically coincide, the phase structures have opposite symmetries. As a result, the beating of these modes realizes light switching between the waveguides, see Fig. 2(c) . These features are facilitated solely by the coupler symmetry, without the need for any special structure optimization. We find that an important aspect of the anti-symmetric directional coupler is that its operation is based on the beating of forward (k+ +ko) and backward (k_ -ko) waves. At the band-edge, the dispersion around this point can be expanded as w wo + Q( k -ko)2, where Q is the dispersion coefficient. The corresponding group velocities are Vg = dwldk = 32)(w -wo), and we see that they exactly coincide in the slow-light regime for the forward and backward modes, as confirmed by numerical calculations in Fig. l(c) . Accordingly, the coupling length is found to be independent on frequency or the group velocity, L0|.w. m =..2O n ...(dj2) k+ -k--m . It is this remarkable feature which enables dispersionless tunneling of slow light, where the same dynamics as shown in Fig. 2(c) is preserved even under the variation of the speed of light by several orders of magnitude. This is also confirmed by direct finite-difference-time-domain (FDTD) simulations, and details will be presented at the meeting.
We expect that the novel effects associated with slow-light dynamics in anti-symmetric photonic-crystal couplers may enable further advances in active manipulation of slow light for many applications.
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